ABSTRACT An outbreak of occupational asthma, of unknown cause and extent, was detected in a steel coating plant. In 1979 a cross-sectional study which defined occupational asthma in terms of respiratory symptoms detected 21 people with suggestive symptoms among the 221 studied. They all worked in the coating shop, but the plastic coatings used at the plant contained many potential sensitising agents that might have caused the asthma. All 21 developed their symptoms after 1971, and it was found that in this year a supplier had modified a coating allowing, at the temperatures used in the process, toluene di-isocyanate to be liberated. Two of the symptomatic subjects were tested by inhalation of the isocyanate and showed asthmatic reactions and other subjects were found to have asthma related to periods spent at work by records of peak expiratory flow rate. Over half the 21 had a symptom free latent period after first exposure of three years or less, a pattern not seen in other subjects with respiratory symptoms. After the isocyanate had been removed from the process 17 of these subjects became asymptomatic or improved, a greater proportion than in other subjects with respiratory symptoms.
Two men working in a steel coating plant developed symptoms suggestive of occupational asthma. It was necessary to establish if others were affected and to identify the cause in order to recommend appropriate remedial action. An epidemiological investigation was undertaken and the firm was asked to obtain information from its suppliers.
Process
The factory coated rolled steel sheets with coloured plastic by a continuous process on two lines. After rolling, cleaning, and brushing, the steel received a base or prime coat that was cured by passage through an oven, after which a main coat was applied and, again, oven cured. The coated steel, after embossing, was cut up in lengths. The coatings were known to contain epoxy resins, acrylics, phenol formaldehyde, chromates, and polyvinyl chloride. All these and other agents were considered as potential causes of the asthma. The ovens were ventilated during normal operation by an extraction system that discharged into the atmosphere through a
Workforce
The factory employed 241 people, mainly in the coating shop, but also in a separate office building. The largest group employed in the coating shop worked on the two coating lines and had continuous exposure, to, usually, low levels of vapour. The maintenance workers, because they entered ovens after breakdowns, and a group of overhead crane drivers, because they worked above the ovens, were at risk of intermittent, heavy exposure. Other coating shop workers seemed to be less exposed. Some of the office workers visited the coating shop, particularly during breakdowns.
Methods
We initially undertook a cross-sectional study of the entire workforce during one week in October 1979. 517 Venables, Dally, Burge, Pickering, and Newman Taylor The subjects completed a questionnaire and had lung function and skin prick tests performed. So many subjects had work related respiratory symptoms (see below) that they were later asked a second more detailed questionnaire. Random samples of subjects with work related respiratory symptoms, with respiratory symptoms unrelated to work, and without respiratory symptoms were selected and asked to record their peak expiratory flow rate for one month.
QUESTIONNAIRES
The questionnaire answered by all subjects contained sections on respiratory symptoms, smoking, and occupational history. Questions on wheezing, breathlessness, and smoking were taken from the Medical Research Council's questionnaire on respiratory symptoms.' A question " Does your chest ever feel tight or your breathing become difficult?" was derived from the questionnaire used to detect byssinosis.2 After each of the three questions on respiratory symptoms came questions about the date of onset of the symptom and whether it improved at weekends or on holiday. Symptoms were called "work related" if at least one of the three respiratory symptoms improved at weekends or on holiday. If all the reported symptoms had started either in or after the year the subject joined the factory they were described as starting after employment in the factory. The more detailed questionnaire answered by those subjects with work related symptoms included questions on whether the symptoms had started within a week of either joining the factory or changing jobs in the factory, whether symptoms persisted after leaving work, the duration of attacks of symptoms, the occurrence of attacks during sleep, and the frequency of symptoms. " Occupational asthma" was defined as respiratory symptoms improving at weekends or on holiday, starting after employment in the factory but not within a week of joining or changing jobs, which persisted after leaving work and lasted for at least one hour. Subjects with work related symptoms not meeting these criteria were described as having "other work related respiratory symptoms" and subjects whose symptoms did not improve at weekends or holidays were described as having "respiratory symptoms unrelated to work." The first questionnaires were distributed by the factory personnel manager and completed by the subjects at home. Table 1 shows these symptom groups by occupational group in the factory. None of the unexposed office workers had occupational asthma and the highest prevalence of occupational asthma was in the ten overhead crane drivers, who also had the highest prevalence of other work related respiratory symptoms. Comparing workers exposed to coating vapour with unexposed workers the difference in prevalence of all work related respiratory symptoms was significant (p < 0.05). Tables 2 and 3 show the sex, age, duration of employment, smoking, atopic state, and lung function of the subjects, grouped by exposure and by symptoms. The absence of women in the occupational asthma group is explained by the differing exposures of men and women. All the symptomatic groups had a significantly lower mean FEV, than the asymptomatic group but did not differ from each other. Although not significant, the subjects with respiratory symptoms unrelated to work had the highest proportions of current smokers and of atopic subjects. Age and duration of employment did not vary significantly by symptom group. Figure 1 shows the year of onset of respiratory symptoms in the occupational asthmatics. Nineteen had provided dates of onset of symptoms and these Meanwhile, the workforce at the factory had joined in a national strike in the industry of which this factory was a part. The start of the strike coincided with the recording period for the PEF records and it did not end for many weeks afterwards. This interfered considerably with the motivation of the subjects to continue records and with the collection of the records, which was done by post after telephoning or writing to those subjects whose addresses were available. It was judged important to collect as many records as possible, as this was the only way of confirming work related asthma in those subjects who did not have an inhalation challenge test.
In October 1979 environmental levels of TDI The change between the two surveys could be assessed in the occupational asthmatics and in those with other work related symptoms. Table 7 shows that similar proportions (40-0% and 39-3%) were now asymptomatic but of those with continuing symptoms, more occupational asthmatics (45 0%) Occupational asthma in a steel coating plant Any definition based on symptoms is necessarily subjective. It might be argued that subjects with heavy exposure to coating vapour would be likely to overreport symptoms and to magnify their severity, which might have produced the increased prevalence of occupational asthma symptoms in those working in the coating shop. But as no-one, including the subjects, knew at this stage that TDI had been introduced in 1971, subject bias cannot explain the onset of occupational asthma after 1971 nor can it explain the tendency for a short latent period of three years or less seen in the occupational asthmatics. By the second survey it was generally known among the workforce that TDI had been present and had now been removed. A clinical categorisation of the workforce, using all available information, was not prepared until after the second survey, but many of the subjects with occupational asthma must have realised before then that they had asthma caused by TDI. Therefore, it might be argued that the greater improvement among them was explained by their expectation of improvement with removal of TDI. We do not think that this was the case because our impression was that these subjects remained more concerned about their health than others, even after TDI was removed, and if anything, were more likely to exaggerate than diminish their symptoms.
In addition to their subjectivity, respiratory symptom questionnaires may also be non-specific, and many subjects in this population had work related respiratory symptoms that were not caused by occupational asthma. Some probably had chronic bronchitis or asthma without occupational cause and found that coating vapour irritated their respiratory tracts which led to exacerbations of their symptoms at work. Others without respiratory disease probably were transiently irritated by high concentrations of coating vapour. This non-specific production of work related respiratory symptoms by industrial environments leads to diagnostic problems in clinical practice, and in surveys leads to dilution of Venables, Daily, Burge, Pickering, and Newman Taylor subjects with occupational asthma by subjects without. We therefore used our second more detailed questionnaire, and possibly we increased specificity at the expense of sensitivity and failed to detect some subjects who truly had occupational asthma. For example, we rejected subjects who reported respiratory symptoms before they joined the coating plant. Although most of these probably did not have occupational asthma, some may have, and had unrelated respiratory symptoms before they joined the firm.
Our definition received confirmation from PEF records. It might be thought that PEF records should be used as the primary investigative measure in outbreaks of occupational asthma, and such an approach has many attractions, but this study illustrates two problems with this approach. Firstly, physiological changes of work related asthma can be detected only if the relevant exposure occurs during the record. The subject whose inhalation test with TDI is illustrated in fig 2 had 
